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Figure	II.2-47	–	The	algorithm	for	the	proliferation	of	a	melody.	The	number	of	notes	to	retain	is	defined	by	a	fraction	interval	(0.6	to	0.9	as	shown)	and	the	number	of	notes	to	add	is	defined	by	the	Fibonacci	series.	____________________	97	Figure	II.2-48	–	Algorithm	output	selected	and	implemented	in	the	score	at	letter	A.	Rhythmic	notation	and	accidentals	are	shown	in	raw,	unprocessed	form.	The	brackets	show	retained	segments,	which	begin	the	next	voice.	__________	98	Figure	II.2-49	–	Hyperbolic	cosine	3D	shape	inside	a	hollow	reference	cube.	___	 100	Figure	II.2-50	–	The	first	harmonic	and	modal	progression	used:	family	A.	Each	mode	contains	its	corresponding	sonority.	The	vertical	lines	show	how	the	initial	sonority	is	maintained	throughout.	The	curve	illustrates	the	correspondence	between	density	and	architectural	shape.	__________________	 101	Figure	II.2-51	–	Diagram	of	the	Cyclic	Harmonic	Process	guiding	the	generation	of	the	pitch	reservoirs.	Numbering	of	sonorities	applies	only	to	this	diagram,	not	to	the	sonorities	used	throughout	the	piece.	__________________________________	 102	Figure	II.2-52	–	Cyclic	Harmonic	Process	(no	distortion)	at	work	on	one	of	the	sonorities	used	(A’’2).	___________________________________________________________	 104	Figure	II.2-53	–	Cyclic	Harmonic	Process	at	work	on	the	distorted	branch	of	sonority	A’’2.	Arrows	indicate	whether	the	distortion	raised	or	lowered	the	corresponding	pitch.	____________________________________________________________	 104	Figure	II.3-1	–	Duration	contour	for	the	chord	sequence.	_________________________	 108	Figure	II.3-2	–	Score	extract	from	Vacuum	Instability.	Notated	in	C.	First	chord	of	the	FM	progression	is	at	bar	9	and	chromatic	lines	are	indicated	by	rectangles.	____________________________________________________________________________________	 109	Figure	II.3-3	–	Excerpt	from	The	Life	is	Ours	showing	mixed	complementation	(indicated	by	the	brace).	________________________________________________________	 111	Figure	II.3-4	–	Focusing	region	of	the	rhythm-focusing	heterophony	(unboxed)	and	mixed	elaboration	(boxed).	First	bar	shown	is	bar	88.	Dashed	line	indicates	the	point	from	which	the	texture	becomes	homorhythmic.	__________________	 111	Figure	II.3-5	–	The	first	cantus	firmus	coming	out	of	algorithmic	filtering	and	score	implementation	at	bar	1.	________________________________________________________	 113	Figure	II.3-6	–	Raw	algorithm	output	of	pulse	unfocusing	and	implementation	in	bars	37-43	of	Shapes.	____________________________________________________________	 119	Figure	II.3-7	–	Excerpts	from	the	rhythmic	nesting	algorithm	output	and	its	implementation	at	bar	78	of	Duet.	 _____________________________________________	 120	
13	
Figure	II.3-8	–	Excerpt	from	the	rhythmic	nesting	algorithm	output	(top)	and	score	excerpt	(bottom)	showing	the	implementation	of	rhythmic	nesting	in	
Stochafrica.	Solid	and	dashed	boxes	represent	starting	and	arriving	rhythmic	material	respectively.	The	first	duration	of	the	raw	algorithm	output	was	deleted.	___________________________________________________________________________	120	Figure	II.3-9	–	The	raw	21-note	ostinato	and	its	score	notation.	__________________	121	Figure	II.3-10	–	Raw	5-note	ostinato	and	its	3-line	staff	score	implementation.	_	122	Figure	II.3-11	–	Algorithm	output	of	musical	objects	based	on	the	pitch	reservoirs	shown	at	the	top	(OpenMusic	accidental	notation).	Quarter-tones	had	to	be	added	by	hand.	Notes	featuring	a	rectangle	are	errors	produced	by	OpenMusic	quantization	(many	times	easy	to	spot	because	they	default	to	middle	C).	The	instrumental	ranges	used	were:	cl.,	vln.,	vc.,	pno.	(top	to	bottom).	__________	123	Figure	II.3-12-	Passage	from	bars	28-32	of	Dégradé	showing	the	melodic	segregation	by	means	of	transposition.	________________________________________	125	Figure	II.3-13	–	Annotated	score	excerpt	from	Dégradé.	 __________________________	126	Figure	II.3-14	–	Score	excerpt	from	Dégradé	showing	an	intermediate	cadence.	127	Figure	II.3-15	–	Annotated	score	excerpt	from	Dégradé	showing	manual	elaboration.	 ______________________________________________________________________	129	Figure	II.3-16	–	Annotated	score	excerpt	from	Dégradé	showing	more	intricate	manual	elaboration.	_____________________________________________________________	129	Figure	II.3-17	–	Annotated	score	excerpt	from	Dégradé.	Solid	boxes	indicate	algorithm	output.	Dashed	boxes	indicate	manual	elaboration	procedures.	 130	Figure	II.3-18	–	Mode	arising	from	all	the	notes	in	the	progression	after	transposing	them	up	one	octave.	_______________________________________________	130	Figure	II.3-19	–	Annotated	score	excerpt	from	Dégradé	showing	manual	elaboration.	 ______________________________________________________________________	131	Figure	II.3-20	–	Annotated	score	excerpt	from	Duet.	Boxes	indicate	the	algorithm	output.	____________________________________________________________________________	132	Figure	II.3-21	–	Spectral	enrichment	(melodic	colouring)	of	a	melody.	The	initial	melody	is	shown	at	the	bottom	staff.	Allowed	partials	were	the	odd	numbers	3,	5,	7,	9,	11,	13	and	15.	__________________________________________________________	133	Figure	II.3-22	–	Score	implementation	of	the	algorithm	output	shown	in	the	figure	above.	_____________________________________________________________________________	133	Figure	II.3-23	–	The	21-note	ostinato	implemented	at	bar	317	of	Stochafrica.	__	134	
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When	doing	computer-aided	composition,	composers	apply	or	even	develop	certain	technical	means,	but	these	technical	means	are	not	the	actual	purpose;	the	main	result	of	their	work	is	the	artistic	output.	Composers	decide	which	compositional	parts	or	aspects	of	the	music	the	computer	generates,	and	which	parts	are	composed	manually	(p.134).	The	authors	discuss	some	strategies	of	interfacing	'manual'	and	'machine'	composition	particularly	through	the	use	of	constraint	programming.	What	composers	decide,	and	how,	constitutes	a	nuclear	subject	of	this	doctorate.		 Important	reflections	surround	the	purpose	of	automation	tools	in	composition.	Some	of	them	have	been	mentioned	above.	To	sum	up,	I’ll	list	the	ones	I	find	most	relevant	to	my	practice.	I	would	consider	using	algorithms	in	musical	composition	mainly	because	they:	1. speed	up	formalized	processes,	can	be	readily	tested,	customized	and	refined	on	a	computer.	2. can	be	very	helpful	to	achieve	precise	calculations	and	prevent	errors	in	application	of	some	compositional	procedures.	3. can	model	and	crystalize	a	given	compositional	technique.	Testing	helps	understand	what	a	technique	can	lack	in	order	to	be	musically	useful.	The	technique	can	then	be	reformulated	and	tested	again.	This	is	a	way	of	making	progress	in	composition	as	a	discipline.	
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II.4.1.3 Reflections		 The	analysed	set	of	different	internal	procedures	that	constitute	the	melodic	variation	display	the	degree	of	flexibility	and	invention	involved	in	manual	composition.	Implying	a	mixture	of	techniques	and	not	strictly	mathematical	procedures,	the	whole	process	could	only	partly	be	related	to	algorithmic	non-determinism	(see	page	31	for	the	definition)	if	hypothetically	automated:	it	would	have	to	be	a	non-determinism	affecting	the	choice	of	internal	processes	to	combine	(programming	subroutines?)	and	the	extent	to	which	they	act	(on	one	note?	on	three?).	With	all	probability,	if	an	automated	algorithm	had	been	built	for	melodic	variation,	it	would	have	displayed	a	lot	less	diversification	of	internal	processes.	Furthermore,	although	the	same	result	shown	in	Figure	II.4-1	could	be	reproduced	by	designing	an	algorithm	containing	exactly	the	same	set	of	procedures,	that	algorithm	would	lack	the	underlying	unsystematic	nature	of	human	choice:	it	would	only	mimic	this	instance	of	this	variation	process.		 Human	manual	composition	(as	opposed	to	automated	composition)	can,	on	the	contrary,	envisage	new	procedures	'on-the-fly'	—	either	complex	or	very	simple	ones	in	a	kind	of	improvisation	—	intuit	their	musical	appropriateness,	combine	and	vary	them	in	a	systematic	or	unsystematic	way.	The	path	to	automating	this	kind	of	composition	could	only	be	considered	through	the	most	advanced	knowledge	of	artificial	intelligence	linked	to	creativity.	
II.4.2 Two	Different	Pieces	























	 Sometimes	composers	draw	up	elaborate	and	detailed	pre-compositional	plans.	If	they	reduce	composing	merely	to	literally	realising	those	plans	in	score,	composing	becomes	a	purely	mechanical	task	—	a	tedious,	even	boring	activity.	After	working	for	some	years	with	a	high	degree	of	formalization	and	automation,	my	composing	was	beginning	to	feel	a	little	rigid	and	predictable.	I	started	to	think	about	how	I	spend	my	time	during	composing	and	how	creatively	stimulating	it	could,	or	should	be.		 The	piece	Two	Different	Pieces	was	deliberately	composed	without	algorithmic	methods.	By	the	time	I	started	working	on	it,	I	was	already	well	aware	of	the	important	tension	between	control	and	spontaneity.	However,	I	wanted	to	dig	deeper	that	time	because	I	was	getting	sensitive	to	the	fact	that	algorithmic	composition	could	be	considered,	at	its	very	limit,	equivalent	to	artificial	intelligence	(AI).	Human	behaviour	—	including	spontaneity	—	could	hypothetically	be	automated:76	a	composer	would	program	a	computer	up	to	a	point	where	he/she	would	no	longer	have	an	active	role	after	all	the	programming	is	complete	and	subsequently	executed	to	generate	a	complete	piece.	This	would	mean	that,	apart	from	the	programming	phase,	the	artist	would	be	totally	withdrawn	from	the	actual	piece’s	construction	process.	The	program	would	have	to	mimic	composer’s	decision-making,	a	very	complex	thing	to	achieve.		 High	degrees	of	automatism77	have,	as	we	know,	been	used	by	some	composers,	notably	after	the	Second	World	War,78	but	one	should	consider	these	experiments	as	being	only	halfway	between	manual	composition	and	AI-based	composition.	This	is	because	the	algorithms	involved	did	not	attempt	at	accurately	mimicking	human	behaviour.	A	more	recent	work,	the	previously	mentioned	algorithmic	piece	Çoğluotobüsişletmesi	(1979)	by	Clarence	Barlow,	is	also	extremely	automatic.	But	could	we	say	its	algorithms	entirely	reproduce	human																																																									76	It	is	interesting	to	note	that	this	reflection	was	to	gain	resonance	from	an	article	the	scientist	Stephen	Hawking	published	at	that	time	in	The	Independent.	He	warned	humanity	about	the	evermore	imminent	and	dangerous	consequences	of	AI	(Hawking	et	al.	2014).	77	See	definition	in	the	Introduction,	page	27.	78	Either	from	the	so-called	Integral	Serialism	current,	headed	by	Boulez,	Nono	and	Stockhausen,	or	from	the	Indeterminacy	current	headed	by	Cage.	
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